The standardization of Electronic Health Records (EHR) is a crucial factor for ensuring interoperable sharing of health data. During recent decades, a plethora of initiatives -driven by international organizations -has emerged to define the required models describing the exchange of information between EHRs. These models cover different essential characteristics for building interoperable EHRs, such as architecture, methodology, communication, safety or terminology, among others. In this context, the European reference frame for the standardized exchange of EHR is the recently approved ISO/EN 13606 standard. This multi-part standard provides the syntactic and semantic capabilities (through a dual model approach) as well as terminology, security and interface considerations for the standardized exchange of EHR. This paper provides (a) an introduction to the different standardization efforts related to the interoperable exchange of EHR around the world, and (b) a description of how the ISO/EN 13606 standard provides interoperable sharing of clinical information.
ELECTRONIC HEALTH RECORDS AND STANDARDIZATION
There are many definitions of Electronic Health Records (EHR), but a broadly accepted one is that of the Health Information Management Systems Society (HIMSS): "Health records are longitudinal records of patient health information generated by one or more encounters in any care delivery setting. Included in this information are patient demographics, progress notes, problems, medications, vital signs, past medical history, immunizations, laboratory data and radiology reports" [1] . The traditional health Within this context of interoperable exchange of EHRs, a wide range of initiatives have been proposed. Health Level 7 (HL7) [7] , founded by American vendors of medical devices and recognized by ANSI, is an international standard for medical message exchange. It specifies a uniform syntax in the seventh level of the protocol stack, for information representation in a simple structure of segments, data type flags, and mapped fields. HL7 is a workable solution for the interoperable exchange of EHR and it is being widely used in the US and Canada. However, the semantic/syntactic model of HL7 can be enhanced by means of a dual model approach that represents clinical information and clinical knowledge separately. This was envisioned by different organizations that proposed a new dual-based model. Such initiatives include the openEHR Foundation, which proposed the openEHR specification [8] and the Technical Committee CEN/TC251, which developed the ISO/EN 13606 standard [9] . While HL7 is widely applied in the US and Canada, openEHR and ISO/EN 13606 are two closely related efforts (ISO/EN 13606 leveraged appropriate parts of openEHR) that are likely to be used in a collaborative fashion in Europe. Additionally, the European Commission encourages interoperability in the healthcare field through publications such as article 16 of 2008/0142 (COD) [10] or 2008/594/EC [11] . The European Commission plans to support large-scale pilots-through European funded projects such as the epSOS project [12] or ARGOS e-Health [13] -and aims to agree on 4 The ISO/EN 13606 Standard for the Interoperable Exchange of Electronic Health Records Relationship scheme of normalization and standard development organizations for electronic health records. Functional and structural roles ITU-T X.1051
Information security management systemRequirements for telecommunications (ISMS-T) The latest version of the standard defines the syntax and semantics-along with other terminology, security and interface considerations-for the interoperable exchange of EHRs. In spite of the recent approval of the standard (February 2010), it is already being used in some pioneer countries in Europe such as Sweden [14] , United Kingdom [15] and Slovak [16] . Furthermore, it is also used in research projects, such as the cooperative Clinical E-Science Framework (CLEF) [17] , and in commercial applications, e.g., the Electronic Record Services (ERS) [18] . This review article provides a comprehensive but summarized overview of this standard, since it is the European reference in this context. Additionally, an overview of the EHR standardization arena, enumerating related SDOs and relevant documents, is presented to provide the background context.
THE ISO/EN 13606 STANDARD
The ISO/EN 13606 standard [9] has been developed by CEN/TC251, the technical committee responsible for developing standards in the field of Health Information and Communications Technology in Europe. ISO/EN 13606 provides a model for representing the information that can be included in an EHR and, at the same time, it defines the information exchange between EHR systems. The main objective of this standard is to define the way that EHRs are exchanged, but it specifies neither the internal architecture of an EHR system nor the way data are stored.
ISO/EN 13606 is based on a dual model: a Reference Model which supports the information, and an Archetype Object Model (AOM). AOM allows defining knowledge, i.e., the concepts of the clinical domain by means of Archetypes. Archetypes are patterns that represent the specific characteristics of the clinical data. A main concept of this dual approach is that if knowledge changes (e.g., additional health characteristics are required to be included), only the archetype under the data will change. For example, the following declaration can be assimilated to knowledge: "A routine blood chemistry measures the following chemical substances in the blood: glucose, urea, creatinine, sodium and potassium". On the other hand, information is the instantiation of that archetype for one patient at one specific point of time: "January 2 nd , 2010 at 08:43 a.m. John Smith had glucose = 80 mg/dL, urea = 11 mg/dL, creatinine = 0.77 mg/dL, sodium = 141 mmol/dL, and potassium = 4.1 mmol/dL". Eventually, due to new discoveries in medicine, it may become important to include additional measurements (for example, chlorine levels) in the routine blood chemistry tests. In such a case, only the archetype (knowledge) would change while the Reference Model remains unaltered. The ISO/EN 13606 standard is divided into five different parts that are detailed below: • Part 1: Reference Model. This part defines basic generic components that support information and the relationships between those components. Figure 2 (extracted from ISO/EN13606-1) shows a simplified scheme of these components.
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The ISO/EN13606 Reference Model (simplified scheme from ISO/EN13606-1).
The EHR is comprised of the following logic blocks (Figure 3 ):
• EHR_Extract: The top-level container of part or all of the EHR of a patient.
• Folder: Some high level organization within an EHR (episode of care, compartments of care, etc.)
• Composition: A single clinical encounter or record documentation session (reports, test results, etc.) • Section: Clinical headings reflecting flow information (subjective symptoms, findings, treatment, etc.).
• Entry: Clinical statements (a measurement, a symptom, etc.).
• Clusters: The means to organize nested multi-part data structures (tables, time series, etc.) • Element: A container of a single data value. This is the leaf node of the hierarchy. Thus, the Reference Model sets hierarchical relationships between its components, achieving in this way syntactic interoperability, i.e., identifying different elements in the system and establishing rules for combining them, thus allowing any system to be able to understand the structure of the information. A deeper analysis shows other relevant characteristics related to the use of the standard, such as the following:
• The ability of signing every single element by means of defining the ATTESTATION_INFO class. As can be seen, the existing association relationship between this class and RECORD_COMPONENT is inherited by the rest of the elements, given that all of them derive from this abstract class. Thus, every RECORD_COMPONENT can be signed independently.
• The separation of the demographic information allows transmitting clinical information anonymously, an essential factor in health environments for security reasons. All components of the system (organizations, devices, healthcare professionals, subjects of care or other classes of people) are identified by unique identifiers.
• Auditory capabilities are present through the AUDIT_INFO class, which can be used to track what data has been introduced, when and by whom, and also the reason for that information to be modified. • To achieve this, the Reference Model establishes a mechanism of versioning records; thus deletion is not allowed (if a record needs to be removed, it is marked as non-valid).
• It also allows recording every single request to the EHR system, whether accepted or not, as well as the reason for the rejection. Figure 4) . Since this part of the norm leverages appropriate parts of the openEHR model for defining archetypes, openEHR and ISO/EN13606 share the basis of the archetype model [19] . Archetypes can make use of standardized health terminology to simplify the decoding of the received data and they are defined using different formal languages such as the Ontology Web Language (OWL) and the Archetype Definition Language (ADL) [20] . In Figure 5 , the top-level structure of an ADL archetype is represented. The current version of ADL language (v1.4) uses three syntaxes to describe constraints on data:
• cADL: constraint form of ADL, used to express the archetype definition section.
• dADL: data definition form of ADL, used to express data that appears in the language, description, ontology, and revision_history sections.
• First-Order Predicate Logic (FOPL), to express data which appears in the declarations and invariant sections. Figure 6 shows a simplified scheme of the Archetype Model, extracted from ISO/EN13606-2. Describing a well defined archetype is not a simple task. As seen in Figure 6 , the ISO/EN 13606 standard offers different mechanisms to enable this modelling, such as the archetype_description, the ontology and the constraint_model.
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Figure 4.
Relationship between information (instances of Reference Model) and knowledge (instances of Archetype Model) [19] .
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The The archetype_description allows associating additional data (metadata) to the archetype, for instance, a translation into a different language. The ontology is used to bind archetype nodes to specific health terms. Finally, the constraint_model specifies a hierarchical schema that defines how an instance must be built. Although the main feature of ISO/EN 13606 is the dual model, described in the first two parts, it is also important to define other aspects in order to achieve interoperable exchange of EHR, such as nomenclature issues (part 3), security issues (part 4) and interfacing for querying (part 5). Archetype model (simplified scheme from ISO/EN13606-2).
CLUSTER (ITEM_CATEGORY), the status of a particular version of a record_component (VERSION_STATUS), the physical or electronic means by which an Entity participates (MODE), the act status values for a particular Entry as included in EN 12967-3 [21] -the computational viewpoint of Health Informatics Service Architecture (HISA) -(ACT_STATUS), the semantics of the relationship between the source and target record_component (LINK_NATURE) and a subcategory of the corresponding link terms (LINK_ROLE), and finally, the structural organization of a Cluster (STRUCTURE_TYPE). • Part 4: Security. This part describes a methodology for specifying the privileges necessary to access EHR data and some other general security requirements that should apply to EHR communications. For example, it provides a double input table, the functional role of the requester and the sensitivity of the record. The information is only accessible if the functional role of the requester (coded with a number) is at least equal to the sensitivity of the record. This security part also defines both general and specific access policies able to deny or grant access to identified parties or specific functional roles. • Part 5: Interface Specification. This part describes a set of interfaces to request access to the information and resolve the request. Three specific interfaces are defined:
• REQUEST_EHR_EXTRACT, to request a specific EHR_EXTRACT (as defined in ISO/EN 13606-1). The only mandatory parameter is subject_of_care_identity, but optional parameters are also available. These optional parameters can be used to specify the time range of the retrieved information (for example, it is possible to request either all previously requested records or any record within a given time range).
• REQUEST_ARCHETYPES, to request one or more ARCHETYPES (as defined in ISO/EN 13606-2). There is no mandatory parameter in this case. Archetypes can be requested based on a particular concept (for example, it is possible to request a specified set of identified archetypes or all the archetypes).
• REQUEST_EHR_AUDIT_LOG_EXTRACT, to request a specific EHR_ AUDIT_LOG_EXTRACT (as defined in ISO/EN 13606-4). In a manner analogous to REQUEST_EHR_EXTRACT, it defines optional parameters to filter the retrieval of information and to determine access policies, since special privileges are required to access specific control information. The ISO/EN13606 standard has been recently completed after Part 5 was ratified by ISO and CEN in February 2010. As a multipart standard, the different parts were approved by separate polling, while further comments in the voting process led to changes in some parts. The ratification dates for the 5 parts of the standard by CEN and ISO are shown in Table 3 .
The mandatory attributes required to be transmitted as well as the data types and their meaning within the standard are shown in Table 4 . Additionally, other relevant information can be expressed by including optional parameters. For instance, information such as the date and the time interval the item was observed, a screenshot of the test or even information related to whether the extract has been automatically generated by a machine or triggered by any other provider. Moreover, by the use of the optional attributes archetype_id and meaning semantic interoperability can be provided by specifying the archetype that has been used or if that record conforms to any concept domain that uses health terminology like SNOMED-CT [22] . The observed item should 18 The ISO/EN 13606 Standard for the Interoperable Exchange of Electronic Health Records be expressed in the optional attribute value in ELEMENT, failing which it must be indicated by the null_flavour attribute inherited from RECORD_COMPONENT. To date, the ISO/EN 13606 standard has been based on a subset of CEN/TS14796 for describing data types but this is expected to change in the future. Due to the Memorandum of Understanding [23] between HL7, CEN/TC251 and the Joint Initiative on SDO [24] , a new document is being discussed in order to harmonize CEN data types (CEN/TS14796) and HL data types. This document (ISO/FDIS 21090), still in draft status, is being designed to replace CEN/TS14796 and align with HL7 data types. The number of classes defined in ISO/FDIS 21090 is higher than in CEN/TS14796, particularly in the case of structured text, since it is intended to cover all those records that were previously stored as free text. Another point to take into account is the intention of including specific classes to represent information related to the demographic package, such as addresses or entity names.
Another remarkable feature of ISO/EN 13606 is the alignment it presents to other relevant standards shown in Table 1 
ELEMENT
Inherited attributes of RECORD_COMPONENT and item minimum interoperability requirements. A parallel European project is being conducted to establish systematic and comparable certification procedures for assuring the quality of eHealth products. One of the most important functions of EHR is to provide continuity of care, but EHRs are also legal documents, potentially used for research, teaching, etc.
CONCLUSION
The exchange of clinical information is a crucial factor to enable provision of high quality health services. The application of ICT in this process vastly improves the management and exploitation of traditional health records. However, the development of non-standardized, heterogeneous communication architectures has caused syntactic and semantic divergences. The internationally adopted strategy to overcome the interoperability gap is the application of standards that provide descriptions of all the elements involved, such as syntactic, structural and semantic interoperability. The ISO/EN 13606 standard covers the entire EHR needs within its five parts and, since its final approval in February 2010, it has gained steadily growing acceptance by being implemented, supported or adopted by several European projects, academic institutions, hospitals and health organizations. The main technical improvement of ISO/EN 13606 is its dual model approach, which provides a clear separation between information (Reference Model) and knowledge (Archetype Model). The interaction of these two models vastly improves the capability for developing and sustaining up-to-date, medically-accurate information systems. Besides the reference and information models, the standard provides three additional normative parts. These parts address essential issues in the conception of modern EHR systems such as normative, controlled nomenclature (part 3), security methodology and specifications (part 4), and interface definitions to request specific extracts, archetypes or audit log extracts (part 5). Thus, the recently published ISO/EN 13606 standard bridges the existing interoperability gap by providing a normative framework for building interconnected, standardized EHR systems.
